INTRODUCTION {#sec1-1}
============

Successful local anesthesia is important for pain control. Fear and anxiety associated with endodontic treatment is reduced with effective pain management.\[[@ref1]\] It was found that the anesthesia of mandibular molars with irreversible pulpitis was more difficult than the healthy pulps.\[[@ref2][@ref3][@ref4]\] The reason for difficulty in pulpal anesthesia of teeth with irreversible pulpitis were described in previous studies.\[[@ref5][@ref6][@ref7][@ref8][@ref9][@ref10]\]

Maxillary teeth requiring dental procedures can be successfully anesthetize by infiltration of buccal mucosa. However in mandibular teeth due to the thickness of buccal cortical bone buccal infiltration technique is not as effective as nerve block techniques.\[[@ref11]\] Pulpal anesthesia of posterior mandibular teeth with irreversible pulpitis is most frequently achieved by the inferior alveolar nerve block (IANB) injection technique. However, sometimes it does not produce desired anesthesia.\[[@ref12]\] The failure rate is between 44% and 81% as was described in various clinical studies.\[[@ref3][@ref13][@ref14][@ref15]\] Due to the failure rate of IANB, problems are commonly encountered while treating mandibular teeth with irreversible pulpitis.\[[@ref16]\]

When the conventional IANB fails, supplemental injections (with different techniques and/or types of anesthetic) are frequently required in patients with irreversible pulpitis to achieve complete anesthesia.\[[@ref17]\] Supplemental techniques such as the intraosseous,\[[@ref3][@ref13]\] intraligamentary,\[[@ref14][@ref18]\] and infiltration\[[@ref19][@ref20]\] injections technique have been studied to raise the anesthetic success. The intraosseous injection requires special equipment for drilling the cortical bone and injecting the anesthetic solution thus is not a preferred technique.\[[@ref4]\] The intraligamentary injections are short lasting and may increase pain postoperatively.\[[@ref21]\] It would be useful to have results produced by these techniques be achieved with simpler options such as infiltration technique.

Infiltration injection increases the success of IANB injection and is used very often as the supplemental injection technique.\[[@ref20][@ref22][@ref23]\] The present systematic review compared and evaluated the anesthetic success rates of IANB injection technique alone or along with supplemental infiltration (SI) technique when used for pulpal anesthesia of mandibular posterior teeth with irreversible pulpitis.

MATERIALS AND METHODS {#sec1-2}
=====================

Electronic databases were systematically searched. The search was done in PubMed and MEDLINE (Twease) and Google search engine. The search was performed using following search terms alone and in combination "pulpal anesthesia in mandibular teeth and irreversible pulpitis," "IANB and irreversible pulpitis," "Infiltration in mandibular teeth and irreversible pulpitis." The search was done till March 2014.

The inclusion and exclusion criteria for selecting the studies for the systematic review were listed in [Table 1](#T1){ref-type="table"}. The 284 studies titles found were scrutinized for duplicacy and 159 studies were included. The abstract of 159 studies were then assessed depending on the predetermined criteria, to identify 14 relevant studies and 145 studies were excluded. The full texts of the 14 relevant studies were further analyzed and found only 6 studies were eligible, which were meeting the defined specific criteria.

###### 

Predefined criteria

![](JCD-18-182-g001)

The Structured question was "Is there any difference in the anesthetic success rates of IANB injection technique used alone compared with the combination of IANB and SI injection technique when used for pulpal anesthesia of mandibular teeth with irreversible pulpitis."

The Pico analysis was performed where the population was represented by patients with irreversible pulpitis in posterior mandibular teeth. The intervention done was access preparation and instrumentation to assess pulpal anesthesia. The comparison was between IANB alone or along with SI technique. The primary outcome was a percentage of successful pulpal anesthesia in the block alone or along with the SI technique with the help of Heft Parker visual analog scale (HP-VAS) method while performing the endodontic procedure. HP-VAS with a 170-mm line marked with various terms describing the levels of pain was used for this purpose. The millimeter marks were removed from the scale, and the scale was divided into four categories: "no pain" corresponded to 0 mm; "faint, weak, or mild" pain corresponded to 0-54 mm; "moderate" pain 55-114 mm; and "strong, intense, and maximum possible" pain corresponded above 114 mm. The success was defined as no or mild pain during access preparation and instrumentation.

RESULT {#sec1-3}
======

The study design of the included studies\[[@ref43][@ref44][@ref45][@ref46][@ref47][@ref48]\] was shown in [Table 2](#T2){ref-type="table"}.

###### 

Study design of the included studies
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The list of excluded studies with reason for exclusion was shown in [Table 3](#T3){ref-type="table"}.

###### 

Studies with reason for exclusion

![](JCD-18-182-g003)

The comparison of percentage of patients with successful anesthesia with IANB alone and SI technique ("no pain" or "weak/mild" pain during endodontic access preparation and instrumentation) was presented in [Table 4](#T4){ref-type="table"}.

###### 

The comparison of percentage of patients with successful anesthesia with IANB (block) and IANB and SI

![](JCD-18-182-g004)

Inferior alveolar nerve block alone gave 14-39% success rate. With SI the local anesthetic significantly increased the success rate 50-65%. None of the technique gave 100% success rate.

DISCUSSION {#sec1-4}
==========

The difficulty regarding adequate pain control in the posterior region of the mandible during dental procedures has been reported. The most frequently used injection technique in such region has been IANB. The reduced efficacy of IANB has been associated with various factors such as the thickness of cortical bone, overlying soft tissue and accessory innervations.\[[@ref25][@ref26][@ref27]\]

Success rate of IANB in an uninflamed pulp was reported to be 70% compared with 30% in patients with irreversible pulpitis.\[[@ref2][@ref12][@ref14][@ref29][@ref30][@ref31][@ref32][@ref33]\] It was also reported that the failure of local anesthesia in patients with irreversible pulpitis was found to be 8 times more with respect to normal patients.\[[@ref4]\] Thus, the present study was undertaken to compare the success rates of IANB alone or along with the SI technique in irreversible pulpitis.

Achieving pulpal anesthesia is difficult in irreversible pulpitis. Various reasons have been described. First, the inflamed tissue has a lowered pH as a result of which the amount of the base form of the anesthetic required to go through the nerve sheath and membrane has reduced. This leads to decreased ionized form of the anesthetic within the nerve with resultant decreased anesthesia. Second, altered resting potentials and lowered thresholds of excitability of the nerves in the inflamed tissue.\[[@ref34][@ref35]\] As a result of lowered threshold of excitability of these nerves, the prevention of transmission of nerve impulses by the anesthetic agents were not attained.\[[@ref34][@ref36]\] Third, there were anesthetic resistant sodium channels\[[@ref37]\] and upregulation of sodium channels in pulp\[[@ref38]\] with irreversible pulpitis.

The patients in the included studies of the review were actively experiencing pain in mandibular posterior teeth and were diagnosed with irreversible pulpitis. The subject was asked to rate the pain before the treatment and during the treatment using a HP-VAS. All received the standard IANB injection. After 15 min of injection, patients were evaluated for lip numbness. Profound lip numbness was the subjective criteria selected for the inclusion of the subjects in all the studies. Subjects, where lip numbness was not evident, were excluded from the study.

Lip numbness was used as subjective criteria for the inclusion of the subjects in the study. It should be noted that all the patients included in the study had subjective symptoms of lip numbness, but the anesthesia was not successful in all cases. Patient experienced pain during endodontic procedures despite lip numbness.

Patient\'s age, gender, posterior tooth type, initial pain in the included studies were not significantly different between the two groups. Furthermore, patients included were not premedicated, had no systemic conditions such as diabetes, heart disease, high blood pressure. Therefore, it can be assumed that the results of this study are not affected by these factors as a result of which the two groups can be compared on their respective anesthetic success.

In all the selected studies, anesthetic response of the patient was taken 15 min after IANB and 5 min after the SI as this time period was previously reported to obtain complete anesthesia.\[[@ref32][@ref33]\]

The HP-VAS was used in the included studies to rate the pain to measure the degree of pulpal anesthesia. However, two methods have been used to assess the efficacy of local anesthetic injections in previous studies. Some investigators have used pulp sensibility tests such as electric pulp tester (EPT) or the cold test, whereas others have used the HP-VAS. HP-VAS was selected in the inclusion criteria of the review for measuring pain level. EPT was not considered for pain measurement as Nusstein *et al.* found in their study that 42% of the patient who received anesthesia despite giving a negative response to EPT experienced pain during treatment.\[[@ref13]\]

Various methods have been used for assessing pulpal anesthesia Bjorn\[[@ref40]\] was the first to correlate a negative response to the maximum output of electrical pulp stimulation to painless dental treatment. However, negative response to EPT does not produce profound anesthesia. Also, lip numbness is not the indication of pulpal anesthesia. Therefore, the preparation of access cavity and extirpation of pulp was used to measure effectively the success of pulpal anesthesia using HP-VAS.

The studies reviewed were randomized control trial and clinical trials. The method used in the studies followed CONSORT guidelines. The inclusion and exclusion criteria were well defined. Sample size calculation was done in all studies and dropouts were noted. Randomization of patients in the two groups and blinding of the anesthetic agent was performed to eliminate any bias. The statistical analyses were well-defined.

CONCLUSION {#sec1-5}
==========

The anesthetic success was clinically evident with SI injection technique as compared to IANB injection technique, but was not statistically significant in the studies. None of the technique gave 100% success.
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